Synthetic flocculants in water treatment have been reported to be detrimental to both human health and the environment. Thus, there is a constant search for bio-flocculants that is safe and addresses the effects of synthetic polymers. This study was aimed at isolating bacteria with bio-flocculating potential, their molecular identification and phylogenetic relatedness, and the optimization of their flocculating abilities from an open water (Asa River) in Ilorin Kwara State. The effect of carbon source (glucose, lactose and starch), cations (FeSO4, KCl and CaCl2) and pH (2 to 12) was evaluated on the bio-flocculating activities of the isolates using kaolin clay. The seven (7) novel (new strains) isolates with their respective accession number from National Center for Biotechnology Information (NCBI) after molecular confirmation are Pseudomonas otitidis MTK01 (MK263227), Aeromonas caviea MTK02 (MK263228), Providencia alcalifaciens MTK03 (MK263229), Providencia sp. MTK05 (MK263230), Alcaligenes sp. MTK06 (MK263231), Klebsiella pneumoniae MTK07 (MK263232) and Klebsiella sp. MTK08 (MK263233) while Raoultella ornithinolytica MTK04 was also identified. Phylogenetic tree of relatedness showed close kin of the isolates to established bacteria sequence deposited at the NCBI GenBank. Although the flocculating rate of each isolates varied with different parameters that was used in the study, glucose was the most supportive followed by lactose and starch, CaCl2 was most supportive cation followed by KCl and FeSO4 while pH 12, 6, 8, 10, 2 and 4 were the order of decreasing flocculating rate of the medium. This study has reported the presence of eight (8) bio-flocculating bacteria (out of which 7 are new strains of bacteria) in an open water which has been further optimized for effective flocculating rate and thus provides an ecofriendly and harmless flocculants source that can be employed in water treatment procedures.
Introduction
Water is essential in everyday life and the basis of water and wastewater purification has been extensively researched. Treatment processes including boiling, filtration, sedimentation, usage of some salts (Aluminum sulfate & Ferric chloride) and other chemicals have been used in earlier techniques with varying recorded level of success, side effects and limitations. Flocculation is an eco-friendly, low-cost and easy separation method that can be carried out in different industrial processes, which includes procedures in the foodrelated/fermentation industries, wastewater refinement and purification of drinking water (Chen et al., 2017) . This is based on the neutralization of surface charges on solids and use of forces to bind the particles i.e. physical or chemical (Chai et al., 2014; Haver and Nayar, 2017) .
Flocculants can be of chemical and biological origins where the latter is referred to as natural macromolecule polymers or bio-flocculants produced by microorganisms that are capable of flocculating a number of suspended solids, including cells and colloidal solids, while being harmless and biodegradable (Chen et al., 2017) . These bio-flocculants have been widely reported and applied to wastewater treatment, heavy metal removal and sludge dewatering and in the harvest of various microalgae (Ndikubwimana et al., 2016; Liu et al., 2017) . However, the high cost of production of bio-flocculants still hinders their application commercially. It has been proposed that costs of production can be reduced by either screening for high production strains or utilization of low-cost substrates as culture medium (Chen et al., 2016; Liu et al., 2017) . A number of novel bio-flocculantproducing bacteria have been reported to be isolated from various environments such as wastewaters, activated sludges and soil samples, and they have been used to produce high yields of bioflocculants by optimizing their conditions of fermentation (Peng et al., 2014; Liu et al., 2015b) but little effort has been vested in the use of indigenous open water as a potential source of bio-flocculating bacteria that could possess better flocculating activity. Thus, this study was aimed at isolating bacteria with bio-flocculating potential from an open water (Asa River) in Ilorin Kwara State, optimization of flocculating activity and molecular identification of the isolates and their phylogenetic relatedness.
Materials and Method

Study Area
The area of study was River Asa which is located in Ilorin, Kwara State, Nigeria. Ilorin is located on latitude 8 o 29' 47.90" N and longitude 4 o 32' 31.70" E (Latitude.to, 2019) . This is a metropolitan city with last known population of 814,192 in 2015 814,192 in (WPR, 2019 ; it is made up of people from different ethnic groups. The population of the people in the city has increased as well as the social life.
Sample Collection
The water sample was collected in duplicate into a sterile disposable water bottle at the opposite direction of the river flow at the depth of 2cm from the middle of the river at two different points (Kolawole et al., 2011) . The water sample was collected before the sun reached its peak at about 7am to 9am and transported within the hour to the Microbiology laboratory of the Central Research Laboratories, University of Ilorin. Collection of samples was according to the standard guidelines and methodology by WHO, 1997 .
Sterilization of Materials
All glassware's were sterilized and inoculating loops were heated to redness under flames of the Bunsen burner. All media and broth used were sterilized at 121°C for fifteen (15) minutes in an autoclave. Sterile disposable Petri dishes and syringes were used during the course of the research. The workbench was properly and constantly disinfected using cotton wool soaked in 70% ethanol.
Media Preparation and Medium Constitution
Nutrient Agar was prepared according to manufacturer's instruction (Sigma Aldrich; Germany). The bio-flocculant fermentation medium was composed using the following: 10 g of glucose, 1 g of peptone, 0.3 g of MgSO4.7H2O, 5 g of K2HPO4 in one litre of distilled/sterile water. The initial pH was adjusted to 7.0 with either NaOH (0.1M) or HCl (0.1M) (Busisiwe et al., 2016) .
Isolation of Microorganism
Bacterial colonies were isolated from the water samples with Nutrient Agar using the spread plate method. Distinct colonies were then picked and sub-cultured on another plate and then incubated at 37°C for 24 hours. Pure isolate was kept on agar slant as stock culture, refrigerated at 4°C.
Preliminary Identification of Bacterial Isolates
The bacterial isolates were characterized and separated based on colonial morphology, staining reactions and biochemical tests (Catalase, Coagulase, Citrate utilization, Indole, Oxidase, Urease, Methyl Red and Voges-Proskaeur Test) according to the laboratory manual (Fawole and Oso, 2004; 2007 : Forbes et al., 2012 . This was done to ensure varieties and avoid duplication of isolates.
Screening for Flocculant Producing Microorganisms
The bacterial isolate was inoculated into 5 ml of sterile growth medium contained in a McCartney bottle. This was incubated at 25°C with shaking at 120 rpm for 7 days. The fermentation broth was centrifuged at 4000 × g for 30 min at 4°C to sediment the cells. The cell free culture supernatant (CFCS) was used to assay for flocculating activity.
Determination of Flocculating Activity
Using a suspension of kaolin clay, flocculating activity was measured according to the method described by Kurane et al. (1994) and Zhang et al. (2008) . Three milliliters of 1% (w/v) CaCl2 and 2.0 ml of cell free culture supernatant was added into 100 ml of kaolin suspension (4.0 g/l) in a 250 ml conical flask, the mixture was vigorously stirred, Kolawole et al., 2019 Screening for bio-flocculant producing bacterial strains from Asa river This journal is © The Nigerian Young Academy 2019
Annals of Science and Technology 2019 Vol. 4(2) 59-67| 61 poured into 100 ml of measuring cylinder and allowed to stand for 5 minutes at room temperature. The optical density (OD) of the clarifying solution was measured at 550nm using spectrophotometer (UV-5200; USA). Control preparation was done using distilled water instead of the cell free culture supernatant (CFCS). The flocculating rate (FR) was determined by using the formula:
Where, A and B are optical densities of the control and samples respectively at 550 nm.
Effect of Culture Conditions on Bio-flocculants Production
Carbon Source: Using description by Lachhwani (2005), the influence of glucose, lactose and starch on bio-flocculants production were evaluated. The flocculating activity was then measured according to the method described by Zhang et al. (2008) .
Cations:
The effect of CaCl2, KCl and FeSO4 on bio-flocculants production were evaluated by substituting each selected cation at a time for each culture respectively while maintaining other parameters at constant .
pH:
The pH of the kaolin solutions was adjusted to 2, 4, 6, 8, 10 and 12 with HCl and NaOH respectively (Xiong et al., 2010) . The flocculating activity was determined at each pH value while keeping a constant condition of the Carbon and Cation source that most favoured the flocculating activities across the isolates.
Molecular Identification and Analysis of the Bio-flocculants Producing Bacterium amplicon
The PCR reaction was done in a volume of 10-200µl small reaction tube (0.2-0.5ml volumes) in a thermal cycler. The thermal cylinder heat and cools the reaction tubes to achieve the temperatures required at each step of the reaction which ranged from 60 o C to 95 o C. The reagents used and their concentration are given as follows: 0.8 µl of magnesium chloride, 0.8 µl of tween 20, 0.5 µl of the primer 1 (for the forward reaction), 0.5 µl of primer 2 (for backward reaction), 1.0 µl of 10x buffer, 0.5 µl of 2.5 dNTPs (Deoxynucleotide triphosphates), 0.06µl of the taq polymerase, 2.84 µl of nuclease free water and 3.0µl of the isolated DNA. These were all mixed in a reaction tube, vortexed and inserted into the PCR machine for the reaction. The primer used for the two reactions were the 16S primers (16SF: GTGCCAGCAGCCGCGCTAA; 16SR: AGACCCGGGAACGTATTCAC). The product was purified and was sequenced to determine the respective species of the test organisms at the bioscience centre of the International Institute of Tropical Agriculture (IITA)
16S rRNA Sequence and Phylogeny Construction of the Bioflocculants Producing Bacterium
Sequence identification of the bio-flocculant producing bacteria were aligned and compared with the deposited sequences in the database of NCBI GenBank using BLAST. Alignments were manually checked and corrected before computation of the evolutionary distances were added using MEGA program 6 and construction of phylogenetic tree of relatedness was completed (Singh et al., 2012) .
Data Analysis
The respective data resulting from the various test conditions for the optimization of flocculating rate were presented with 2016 version of Microsoft excel package with defined standard error value significant to each parameter.
Results
The molecular result is presented in figure 1, 2 and table 1 while the flocculating activities of the isolates as related to the varied culture conditions such as carbon source, cations and pH range is presented in figures 3, 4 and 5. The PCR product of figure 1 presents a standard marker and the eight isolated bacteria at 850bp while table 1 displays the accession number that was assigned for the respective novel isolates by NCBI after sequence procedure and blast. The new accession numbers were assigned because the strains were confirmed novel (not initially deposited at the GenBank) after submission. The phylogenetic tree that displays the relatedness of the isolates to each other and other microorganisms is presented in figure 2 . Of the eight bio-flocculant producing bacteria that were identified, seven were confirmed to be novel i.e. not initially deposited at the GenBank while Raoultella ornithinolytica was not. However, this is the first bioflocculant report on the organism. The isolates from this research are denoted with a suffix MTK 1-8 while the accession number has "MK" as prefix. The flocculating rate of the bacterial isolates against the carbon source-glucose, lactose and starch is presented in figure 3 . Glucose had the highest rate of sustenance for the isolates ranging from 54.50% to 74.72% followed by lactose with -2.00% to 78.50% while starch had the least ranging from -54.50% to 52.67%. Klebsiella sp and Aeromonas caviea had no activity with starch as a carbon source.
The respective flocculating rate of the isolates with FeSO4, KCl and CaCl2 is been presented in figure 4 . The range of the activities varies across the tested cation sources with CaCl2 having 54.50-74.72%, KCl; 23.67-66.0% and FeSO4 having least support range for the flocculating rate from -29.08 to 80.31% across the various isolates. Klebsiella sp was least supported by FeSO4 as the cation source. Figure 5 shows the pH range of the medium (pH2 to 12) for the isolates where the overall pH influence on the flocculating rate was most enhanced at pH12, 6, 10, 8, 2 and 4 respectively in decreasing order of activities. Kolawole et al., 2019 Screening for bio-flocculant producing bacterial strains from Asa river 63 |This journal is © The Nigerian Young Academy 2019 Annals of Science and Technology 2019 Vol. 4 (2) 59-67 
Discussion
This study has revealed the characterization of bacteria strains isolated from an open water that had neither been previously deposited in the GenBank nor previously reported as bio-flocculant producers. The characterization of these new bacterial strains (also bio-flocculant producers) (table 1) via the phylogenetic study to show their maximum relatedness revealed two distinct group proving that even though bacteria are much related, there exists variances from one specie to another. Most of the bacteria species in the first branch of the tree are enteric bacteria or known to belong to the Enterobacteriaceae family or share similar characteristics while the second branch has the Raoultella ornithinolytica MTK04 formerly classified as Klebsiella ornithinolytica which is also an identified aerobic, encapsulated gram negative bacillus inhabitant of aquatic environment (figure 2). The close relatedness of this isolates can be correlated to their similar morphological characteristics as stated for MTK04. Providencia alcalifaciens is one of the subgroups in the Providencia genus distinguished by the ability to hydrolyze urea and produce acid from certain chemicals (such as adonitol) and thus their closeness on the branch. The Aeromonas genus which are rod shaped, facultative anaerobic gram negative bacteria from the Proteobacteria (Gamma subclass) are very comparable to the Enterobacteriaceae family because of their morphological characteristics. A. caviea is a major member of the group and close kin to A. veronii (two biotypes) but reported to be genetically dissimilar (Janda and Abbott, 2010) , hence the branch distance. Klebsiella sp and Alcaligenes sp is observed to be on close branch which can be adduced to their classification as Proteobacteria however, the separation along the branch can be cited to the class difference where Alcaligenes sp are Betaproteobacteria and Klebsiella sp are Gammaproteobacteria (Ryan and Ray, 2004; Austin, 2014) .
Generally, several conditions or factors such as pH, carbon source, substrates, cations, temperature etc have been recorded to influence the activity of microorganisms, this study evaluated the influence of such factors (i.e. pH, carbon source and cation) on the flocculation rate of the isolated bacteria from Asa River. The flocculating rate of the bacterial isolates as presented in figure 3 is based on three different carbon sources and across the eight isolates, glucose has shown to be the most supportive carbon source, followed by lactose and starch respectively.
Klebsiella sp which belongs to a vastly heterogeneous genus comprising of non-motile, gram negative, rod shaped bacteria with a polysaccharide-based capsule (Ryan, 2004) had the highest flocculating activity for glucose while Pseudomonas otitidis was most supported by lactose. This is evident in the high flocculating rate (78.5%) reported in figure 3 as compared to the 74.72% of glucose. Similar study by Nontembiso et al. (2011) also had a high flocculating rate with Bacillus sp using sucrose as the carbon source. Starch which is a known polysaccharide was least supportive to the rate of flocculation of the isolates, however, highest rate was noticed for Pseudomonas otitidis while Klebsiella sp had the least. In order of increasing flocculating activity, the data gathered revealed that Pseudomonas otitidis, Providencia alcalifaeciens, Raoultella ornithinolytica, and Klebsiella pneumoniae are the most promising bacterial isolates that could be sorted for in safer water treatment procedures compared to the synthetic chemicals. This is because they were able to flourish in all the varied carbon sources whereas Aeromonas caviea and Klebsiella sp could not. This report also correlates to Yue et al., 2006 Kolawole et al., 2019 Screening for bio-flocculant producing bacterial strains from Asa river This journal is © The Nigerian Young Academy 2019 Annals of Science and Technology 2019 Vol. 4(2) 59-67| 65
Amongst the growth conditions that has been revealed to influence the flocculating rate of organisms is the cations. It functions by stabilizing and neutralizing the charges and forming bridges between particles thereby enhancing bio-flocculation (Sobeck and Higgins, 2002) . This study revealed that while keeping the highest favouring carbon source (glucose) at constant, Providencia alcalifaciens was the most stable isolates that could highly flocculate with all the examined cations.
Klebsiella sp was the least which had a negative activity with FeSO4 however, it was able to maintain the highest overall rate of 74.72% under CaCl3. This is in contrary to another study that had least rate with calcium chloride for Bacillus sp (Nontembiso et al., 2011) . Providencia alcalifaciens which was the most stable under all cation had the highest rate of 80.31% with FeSO4 and this was followed by Providencia sp, Pseudomonas otitidis, Alcaligenes sp, Raoultella ornithinolytica, Klebsiella pneumonia and Aeromonas caviea respectively. The difference in the flocculating rate of the isolates further confirms that the change in culture conditions can significantly influence the activity of the organism. Furthermore, this is also evidenced in the increased activity noticeable in isolates such as Providencia alcalifaciens and Aeromonas caviea which had less activity with carbon source (Figure 3 ) but had significant increment of flocculating rate with cation source (Figure 4) . The difference in cation source was recorded to have influenced the rate of flocculation for all the isolates and the result has also shown that all the isolates except Klebsiella sp were stable across the three evaluated cations. The difference in flocculating activity with starch as compared to other carbon sources could be attributed to the complexity which would make its utilization harder than glucose or sucrose which are simple sugar (NHS, 2017; Lakna, 2017) .
The acidity or alkalinity of medium is another factor that influences the activity and growth of microorganism and this has led to the classification of organisms as acidophiles, alkaliphiles, neutrophiles, mesophiles and extremophiles. Since there exist a dearth of information regarding the exact process and mechanisms that lead to flocculants production by microorganisms, harsh environmental condition such as difference in pH could be one of the possible triggers.
The inclusive reports of this study have revealed that the extreme alkaline pH of 12 favored flocculating activity of all the bacteria isolates. Although all the isolates showed a closely related rate which increased across pH, Providencia sp, Alcaligenes sp and Klebsiella sp at pH 4, and Aeromonas caviea at pH 2 and 8 had least rate. At close pH range to neutral i.e. 6 and 8, a vivid trend is noticeable in the flocculating activity of the organisms and this could be the reason for the constitution of media for bio-flocculant which is usually adjusted to neutral.
Aeromonas caviea is a recognized mesophilic specie of Aeromonas genus of the Aeromonadaceae family that has been suspected to have evolved through multiple hybridization. Previous reports have revealed pH tolerance of this species ranging from 4.5 to 9/10 (Claudia et al., 1999; Janda and Abbott, 2010; Igbinosa et al., 2012) with an optimum of 7.5. Likewise, an optimum pH range (6-8) for Providencia species, pH 6-9 for Raoultella ornithinolytica, pH 5-9 for Alcaligenes sp, pH 5-7.1 for Klebsiella pneumoniae and pH 5-10 for Pseudomonas sp (Bruce et al., 1981; Naqvi, 2007; Hossain et al., 2016; Lu et al., 2017; Sharma et al., 2017; Aleanizy et al., 2018) have been recorded. This study has however shown a higher tolerance of these isolates at different culture conditions but also concurrent with the reported optimum ranges.
Conclusively, this study has revealed that there exist several unexplored microorganisms with bio-flocculating potentials which can be optimized for bio-flocculants production and utilized as an ecofriendly non-toxic component in water purification and treatment processes. Furthermore, the study has also confirmed the versatile nature of an open water as an environment for wide range of microorganisms which is in line with detection of the seven (7) new bacterial strains from this research.
